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OPERATING TEMPERATURES OF | - 40- 5 TURBOJET ENGINE
BURNER LINERS AND THE EFFECT CF TEMPERATURE
VARTATTON ON BURNER-LINER SERVICE LIFE

By H. D. Wilsted, Robert T. Duffy
and Ralph E. Grey

SUMMARY

I nvestigations of burner liners were conducted in a 4000-pound-
thrust turbojet engine to determne, if possible, the principal fac-
tors limiting t he burmer-liner service life. The investigations
covered a range of engine speeds from 3500 to 11,500 rpm. Chramel-
alumel thermocouples were wel ded to the burner liner and tests were
run to determ ne whet her bare, ceramic-coated, or shiel ded thermo-
coupl es woul d give the nost nearly correct tenperature readings.

The ceram c-coated thermcouple was found to be |east affected
by cool combustion air flow ng over the |eads and was used through-
out the runs. Burner-liner temperatures were found to ri Se at an
increasing rate with engine speed and to have the saute character-
Istics as the indicated burner-exit gas tempersture. The maximum
indicated burner-liner temperature and the maximum indicated burner-
exit gas temperature recorded were 1590° and 1890° ¥, respectively.
The |iner circumferential tenperature, besides varying greatly from
point to point, was definitely highest at the bottom section as
installed in the burner. Temperature gradi ents as great as 700° F
per inch were measured in the liner. It is believed that the high
| ocal tenperature gradients in the liner are the cause of the short
service life

INTRODUCTION

One of the factors that limt the use of the gas-turbine engine
by the armed forces and in comercial trensport service is its very
short service |ife as compared W th the reciprocating engi ne. The
burner liners, which are directly exposed to the gases undergoing
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combustion, are subject to high thermal |oads, intensive therm
shock during engine starting and accelerating, and the corrosive
action of the conbustibles. These factors result in a short burner-
liner service life and, in turn,reduce the service life of nmany
turbojet engines so that frequent inspection and replacement of
liners are required.

As part of the programto inprove the service life of the gas-
turbine engine, a study of inproved materials and i nproved cooling
of engine critical parts has been undertaken at the NACA C evel and
| aboratory. The operating tenperatures and tenperature distribution
of the burner liners were obtained froman [-40-5 turbojet engine

APPARATUS

The 1-40-5 turbojet engine used in this investigation was
equi pped W th g 18-inch-dlameter Jet nozzle. A sketch of an
I-40 engine showing a burner-liner installation is presented in
figure 1 and a photograph of a burner liner before thermocouples
were attached for testing is shown in figure 2. The liner materia
for the two liners investigated was 0.031-inch Inconel Sheet. Each
l'iner was investigated separately in burner 12, (See fig. 1.)

Al'l burner-liner tenperatures were neasured by chromel-alumel
t her mocoupl es spot-wel ded to the burner liners and coated with
ceramc cement, as shown in figure 3(b). The teat runs were made
using a different thernocouple arrangement on each of the two
burner liners. The bayonet-type thernocoupl e used to indicate
burner-exit gas tenperatures Is shown in figure 4. A chronometric
tachometer was used.t0 neasure engine speed

PROCEDURE AND RESULTS

Tests were run with three different nethods of mounting thermo-
couples on the burner liner to determne the effect of the conpar-
atively cool combustion air passing over the thernocouple: bare,
ceram c-coated, and -shielded (fig. 3). The data presented in fig-
ure 5 show that the ceramic-coated thernocouple is |east affected,
the bare thernocouple only slightly nmore affected, and the shiel ded
t her mocoupl e nost affected by-the cool-air flow over the therno-
couples. Apparently care nmust be taken to keep small the area of
the liner covered by the ceramc in order that normal cooling of
the burner liner adjacent to the thernmocouple be maintained. At
the time of application, the significance of the anount of ceramc
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coating used was not fully realized and sone variation in tempera-
ture readi ngs probably occurred because varying anounts, of ceranic
coating were used

As a further check on the correctness of tenperature neasure-
nment, ceranmc-coated thernmocouples were placed on the outer and
inner surfaces of the burner liner at the same position, as indicated
by thernocouples 6 and 7, 8 and 9, 26 and 27 (fig. 6). One therno-
coupl e of each pair was then exposed to the hot conmbustion gases and
the other to the cool er enteringcombustion air. The maximum vari a-
tion was found to be 850 F between any pair of thernocouples. This
variation is lees than 7 percent or a probable error due to cooling
of the outside ceram c-coated thernocouple |eads of |ess than
3.5 percent.

The thernocoupl e locations onthe first burner liner inves-
tigated (designated |iner A) are shown in figure 6. The results of
the investigations of liner A over a conplete range of engine speed
are shown in figures 7, 8, and 9. Figure 7 shows the temperature
variation along the top row of cooling louvers. At maeximum engine
speed a variation of the order of 600° F in a length of 3 inches is
shown. The meximum indi cated tenperature along the row of |ouvers
1s of the order of 1300° F

The tenperature variation along the center line of a section
containing air-intake holes is shown in figure 8. This section is
on the bottom of the liner, as shown in figure 6. Wth on8 exception
the maximm indicated temperature was onl yofthe order of 1000° F
if the noncritical liner-exit section is not considered. As can be
seen fromfigure 9, these values are probably peculiar to the partic-
ul ar section8 and no general conclusions comparing the | ouver and
air-intake sections can be drawn. The wide circunferential tenpera-
ture variations shown in figure 9 indicate no definite trend. An
irregularity exists, however, in the pattern with the highest tem
perature region |ocated at the [ owest portion of the burner liner as
installed in burnmer 12,

The thernocoupl e locations on burner Liner B are shown in fig-
ure 10. In this case, it was felt that tenperatures taken between
the row8 of holes and |ouvers would be nore indicative of the effec-
tive liner tenperature because |less variation would result from
cooling effects of the inconing air

~ The thernocoupl es on burner liner B are located in circunfer-
ential belts; therefore the average clrcumferential tenperature for
each position along the length of the liner can be plotted as in
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figure 11. The average values show the following trend: a peak in
t enperature about ome-third the |ength downstreamon the liner with
a greater peak occurring at the liner exit. It is in the reglon of
the first-nentioned peak temperature that |iners have failed in | VACA
investigations. These failures occurin the formof fractures end
severe warping extending fromthe louvers to the air-intake holes at
a section approximately 8 inches fromthe inlet end of the liner
This failure belt will hereinafter be referred to as the "critica
section.” Inspection of service liners has al so shown failures at
other |ocations between air-intake hol es and louversbut in every
case of this type there was a moreserious failure at the critical
section.

A replot of the data used in figure 11 is presented for each
tenperature belt im figure 12 to show the tenperature variations
with speed. The trend of rising burner-liner temperature W th
increasing speed or power in figure 12 is reasonably uniform The
irregularity of tenperature belt 2 is attributed to the disturbance
of the interconnector fittings on air flow A so shown is the
Indi cated burner-exit gas tenperature, which reached a maxi num of
1690° F at an engine speed of 11,500 rpm. In general, all the curves
are reasonably snooth with tenperatures rising at an increasing rate
with engine speed

The circunferential tenperature variation nearest the critica
section is presented in figure 13. An appreciable tenperature var-
iation occurs with a decidedly high-tenperature region | ocated at
the | owest portion of the burner liner as installed inNn burner 12.

Thi s peak agrees with that of figure 9. The hi gh-tenperature region
i s behind the right-hand intercommector fitting. The axial tempera-
ture distridbution along this section is showa in figure 14 and the
temperature behind the |eft-hand interconnector fitting in figure 1s.
These figures al so show t he meldistribution i ndi cated in figure 13.
The peak tenperatures behind the right-hand interconnector fitting
atthe higher speeds are of the order of 500° F greater than the
correspondi ng section behind the left-hand interconnector fitting

I nasmuch as air-flow patterns approaching the burner have not yet
been obtained, it is not known wWhether this shift is a result of
air-flow variations or naldistribution of fuel.

The tenperature variations along the top of burner liner B,
between the |ouvers and air-intake holes, are shown in figure 16.
Except for the rapid variation in tenperature at the section between
the series of small and |arge air-intake holes, a relatively smal
temperature variation exists as contrasted by the variations in fig-
ures 7 and 8 for the axial distribution along the center |ine of tEe
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sections containing the | ouvers and sir-intake hol es, respectively.
Au examination of the data shows that the hi ghest indicated burner-
liner tenperature recorded in these investigations was 1590° F, as

shown in figure 9 at an engine speed of 11,500 rpm This peak tem-

perature occurred in the thermocoupl e belt 9% inches fromthe inlet

end of the liner near the critical section.

Tenperature gradients as great as 700° F per inch of circunfer-
ence are shown in figure 9 (point A). The high-tenperature gra-
dients frompoint to point in the burner liner are probably the
cause of failure, the principal factor at the present tine limiting
the service |ife of the gas-turbine engine. Any process or nethod
that will renove heat fromthe hot spots orgive a nore even tem
Ferature di stribution such as the use of heavier gage metal for the

iners to more rapidly conduct heat away from the hot spots or the
use Of cooling fins to renove heat fromthe high tenperature areas
shoul d agdmaterially to the burner-liner service Life.

Aliner failure typical of 14 Liners renoved froma service
engi ne after 36 hours and 10 minutes operatlon i s shown in fig-
ure 17. The severe warping and fractures are clearly shown in the
photograph. The nost severe warping and fractures occur in the belt
of louvers marked "critical section.”

Because ot the conparatively short service life as limted by
warping and fracturing, liner corrosion is not a problemat the
present time. ‘

SUMMARY OF RESULIS

The oper ati ng indicated temperatures and tenperature distribu-
tion obtained over a camplete range of engi ne speeds for two turbo-
jet engine burner liners investigated separately in burner 12 of the
engi ne Showed that:

1. Temperature variations frompoint to point on the burner
| i ner were extreme, The neasured |ocal tenperature gradients were
as large as 700° F per inch. The warping and fractures, occurring
principally between the | ouvers and adjoining intake-air hol es, are
attributed to these extreme tenperature gradients.

2. The maxi mum burner-liner indicated tenperature (1590° F)
occurred at a point about 9% inches fromthe inlet end of the liner
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This thernocouple was one of the belt nearest the critical section,
which is | ocated about 8 inches downstreamof the burner-Iiner
inlet. Mst of the buckling and fracturing of burner |iners inves-
tlgated occurred in the critical section

3. Indicated burner-liner tenperatures were found to rise at an
increasing rate with engine speed, having the same characteristics
as the indicated burner-exit gas tenperature. The maximumi ndicated
burner-liner and nmaxi numindicated burner-exit gas tenperatures were
1590° and 1630° F, respectively. The liner circunferential tenpera-
ture distribution, besides varying greatly from point to point, was
definitely higher at the bottom section as installed in the burner

Flight Propul sion Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Chio
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